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A REMOTE I N D I C A T I N G  HIgGE-MOBBENT BALANCE 
B y  Morton 3. S t o l l e r  and Herbert  S. Ribner 
Th i s  r e p o r t  d e s c r i b e s  an e l e c t r i c a l  hinge-moment bal- 
ance f o r  use  wi th  wind-tunnel models of a i r c r a f t .  A b r i e f  
d e s c r i p t i o n  of  t h e  p r i n c i p l e  of o p e r a t i o n  and ope ra t ing  
exper ience  wi th  t h e  balance i s  g iven  i n  p a r t  I. P a r t  I1 
g i v e s   constructional^ d e t a i l s  and p a r t  111 g i v e s  t h e o r e t i -  
c a l  cons ide ra t ions .  Extens ive  c o n s t r u c t i o n a l  in format ion  
i s  g iven  t o  enable  t h e  r ep roduc t ion  of t h e  equipment;. 
PART I. GENERAL DESCRIPTION 
A. I n t  ro duc t ion 
I n  some wind-tunnel t e s t s  on a i r c r a f t  models i t  i s  
d e s i r e d  t o  determine t h e  hinge-moment c o e f f i c i e n t s  of t h e  
c o n t r o l  su r f aces .  The methods u s u a l l y  used t o  d a t e  have 
involved e i t h e r  a de t e rmina t ion  of p r e s s u r e  d i s t r i b u t i o n  
on t h e  su r f ace ,  o r  an  a u x i l i a r y  wire  balance r igged t o  
t h e  model, t o  o b t a i n  s u f f i c i e n t  data.. Both of t h e s e  meth- 
ods involve  a lengthy t e s t  procedure  and i n c r e a s e  t h e  
t ime dur ing  which t h e  wind tunne l  i s  i n a c t i v e  and i s  not  
a v a i l a b l e  f o r  o t h e r  t e s t  work. Remote i n d i c a t i n g  e lec-  
t r i c a l  ba lances  had been used by t h e  NACA f o r  t h e  measure- 
ment of h inge moments, but i t  was thought a d v i s a b l e  t o  
develop a smalle'r measuring head o r  gage u n i t  which could 
be more convenient ly  i n s t a l l e d  i n  models of t h e  s i i e  used 
i n  t h e  7- by 10-foot tunne l .  
An e l e c t r i c a l  hinge-moment balance has  been developed 
which may be used wh i l e  o t h e r  t e s t  d a t a  on t h e  complete 
model a r e  being taken.  I t  i s  small  enough f o r  t h e  gage 
u n i t  t o  be mounted i n  t h e  t a i l  cone of sma l l e r  models and 
t o  be completely concealed i n  t h e  c o n t r o l  s u r f a c e  when 
l a r g e r  models a r e  used.. The u n i t  i s  i n s t a l l e d  before  t h e  
model i s   laced i n  t h e  t unne l  and t h e  connect ions  brought 
o u t  through a mul t iconductor  cab le  and connector.  A f t e r  
t h e 8  i n i t i a l  ad jus tments  have been made, i t  i s  on ly  neces- 
s a r y  t o  record  t h e  i n d i c a t i o n  of a l a r g e  fan- type meter 
t o  determine t h e  corresponding hinge moment from a  c a l i -  
b r a t  ion curve.  
Work i s  now i n  p r o g r e s s  on t h e  development of  a  m u l t i -  
s e n s i t i v i t y  , m u l t i c h a n n e l  a p p a r a t u s  f o r  t h e  measurement of 
t h e  moments a t  a  nurnber of p o i n t s  and f o r  t h e  measurement, 
by a n  e x t e n s i o n  of t h e  method, of  motor t o r q u e  i n  powered 
models. 
B. P r i n c i p l e  of 0pera"ton 
Ia t h e  e l e c t r i c a l  hinge-moment ba lance  t h e  l o a d  on 
t h e  s u r f a c e  i s  t r a n s m i t t e d  t o  t h e  model p r o p e r  th rough  a 
s t i f f  s p r i n g .  T h i s  s p r i n g  d e f l e c t s  under  t h e  l o a d ,  and 
t h e  gage u n i t  w i t h  i t s  a s s o c i a t e d  equipment measures t h i s  
d e f l e c t i o n .  Because t h e  d e f l e c t i o n  of t h e  s p r i n g  i s  u s e d  
a s  a measure of  t h e  h i n g e  moment, t h e  s p r i n g  and i t s  l i n k -  
a g e  shou ld  be so  des igned  t h a t  t h e  motion i s  independent  
of such  f a c t o r s  a s  model a t t i t u d e ,  model l o a d i n g  ( o t h e r  
t h a n  t h a t  of t h e  s u r f a c e ' u n d e r  t e s t ) ,  t empera tu re ,  and 
p r e v i o u s  l o a d  c o n d i t i o n s .  T h i s  i s  d i s c u s s e d  a t  g r e a t e r  
l e n g t h  u n d e r  t h e  d e s i g n  of t h e  gage u n i t .  
The gage u n i t  i t s e l f  i s  a  t r a n s f o r m e r  w i t h  t h e  cou- 
p l i n g  between p r imary  and secondary  c o n t r o l l e d  by t h e  
motion of t h e  s p r i n g .  A t  t h e  o p e r a t o ~ l s  p o s i t i o n  i s  a 
s i m i l a r  t r a n s f o r m e r  w i t h  a d j u s t a b l e  coupl ing .  These two 
s m a l l  t r a n s f o r m e r s  . a r e  connected  t o  a  s o u r c e  of a l t e r n a t -  
i n g  c u r r e n t  s u p p l y i n g  approx imate ly  10 v o l t s  a t  2000 
c y c l e s  p e r  second. The secondary  c o i l s  of t h e  t ransform-  
e r s  a r e  connected  s o  as  t o  be i n  s e r i e s  a p p o s i t i o n .  The 
c o u p l i n g  of t h e  u n i t  at t h e  o p e r a t o r t s  p o s i t i o n  ( c a l l e d  
t h e  b a l a n c e  u n i t )  can be a d j u s t e d  t o  make t h e  secondary  
v o l t a g e  of t h e  b a l a n c e  u n i t  e q u a l  t o  t h a t  of t h e  gage. 
Under t h i s  c i r c u m s t a n c e ,  where t h e  v o l t a g e s  i n  t h e  respec-  
t i v e  s e c o n d a r i e s  a r e  equa l  i n  magnitude and opposed i n  
p h a s e ,  t h e  r e s u l t a n t  of t h e  secondary  v o l t a g e s  i s  zero .  
I n  p r a c t i c e  a vacuum t a b e  v o l t m e t e r  s e r v e s  t o  d e t e r m i n e  
t h e  d i f f  e sence  b e t w e e n . t h e  two secondary  v o l t a g e s .  I t  i s  
c l e a r  t h a t . . i f  t h e  two u n i t s  a r e  i n  ba lance  i n  t h i s  way a t  
z e r o  a p p l i e d  h i n g e  moment any unba lance  v o l t a g e  r e s u l t i n g  
from a change i n  c o u p l i n g  a t  t h e  gage  u n i t  i s  i n d i c a t e d  
on t h e  v o l t m e t e r .  Such a change . i n  coup l ing  i s  a r e s u l t  
of a change i n  h i n g e  moment i f  t h e  p r e c a u t i o n s  mentioned 
above have  b e e s  observed.  
-a  
Cer$a in  p r e c a u t i o n s  must be t a k e n  w i t h  a gage  of t h i s  
n a t u r e  f o r  s a t i s f a c t o r y  o p e r a t i o n  as  a d e f l e c t i o n - t y p e  in- 
s t r u m e n t .  The o s c i L l a t o r  used  a s  t h e  s o u x e  of a l t e r n a t -  j. 
ing  c u r r e n t  should show l i t t l e  d r i f t  i n  f r e q u e n c y  and 
vo 1 t a g  e  . Q & e - - ~ w ~ % w ' t r e - w k k m . t i .  s b u l d  be aaf f lcfienCl y  
.-.3~ . The vacuum- t u b e  v o l t m e t e r  should be s u f f i c i e n t l y  
s e n s i t i v e  and s t a b l e  i n  c a l i b r a t i o n .  The gage and l e a d s  
s h o u l d  be s h i e l d e d  so t h a t  s t r a y ' f i e l d s  such as  a r e . c a a s e d  
by t h e  motors  in .powered  mod-els w i l l  no t  i n t r o d u c e  e r r o r .  
These r e q u i r e m e n t s  have  been met by t h e  u s e  of  s t a b i l i z e d  
v o l t a g e  s u p p l i e d  f o r  t h e  o s c i l l a t o r  and v o l t m e t e r  and a  
c h o i c e  of s u i t a b l e  c i r c u i t s .  
The b lock  d iagram ( f i g .  1 )  i n d i c a t e s  t h e  ar rangement  
of  t h e  b a l a n c e  p a r t s  i n t o  t h e  f o u r  c h i e f  components: t h e  
g a g e  u n i t ,  t h e  c o n t r o l  box, t h e  main c h a s s i s ,  and  t h e  
v o l t a g e  r e g u l a t o r .  The gage u n i t  t r a n s f o r m e r  i s  l o c a t e d  
a t  t h e  model and t h e  w i r i n g  i s  b rough t .  back t o  t h e  c o n t r o l  
box i n  two s h i e l d e d  c a b l e s .  A t  t h e  c o n t r o l  box t h e  gage 
i s  connec ted  t o  t h e  o s c i l P a t o r  which s u p p l i e s  t h e  a l t e r -  
n a t i n g  v o l t a g e  and t o  t h e  b a l a n c e  u n i t .  The d i f f e r e n c e  
v o l t a g e  can  be c o n t r o l l e d  by t h e  v e r n i e r  ad jus tment  on t h e  
b a l a n c e  u n i t .  T h i s  s e t t i n g  i s  u s u a l l y  made t o  g i v e  a mid- 
s c a l e  r e a d i n g  on t h e  o u t p u t  v o l t m e t e r .  I n  t h i s  way a  
s l i g h t  change i n  t h e  gage  v o l t a g e  o u t p u t  w i l l  be r e a d i l y  
i d e n t i f i a b l e  a s  caused by e i t h e r  p o s i t i v e  o r  n e g a t i v e  
h i n g e  moment. I f  t h e  i n i t i a l  s e t t i n g  were made t o  g i v e  a  
ze ro  r e a d i n g  on t h e  v o l t m e t e r ,  t h e n  a  smal l  change i n  t h e  
gage o u t p u t  v o l t a g e  would cause  a n  u p - s c a l e  r e a d i n g  on t h e  
meter .  Eowever, t h e r e  would be  no way o f -  t e l l i n g  whether  
o r  no t  t h e  s p r i n g  d e f l e c t i o n  was such  as t o  calrse t h e '  
c o i l s  of t h e  gage u n i t  t o  move t o g e t h e r  a s  would be cause6 
by p o s i t i v e  moment o r  a p a r t  a s  caused by n e g a t i v e  moment. 
%hen t h e  c o i l s  a r e  i n i t i a l l y  s e t  t o  g i g e  -an  u p - s c a l e  read-  
i n g ,  and when t h e  gage c o i l s  move t o g e t h e r ,  t h e  gage out -  
p u t  g o e s  up ,  and t h e  d i f f e r e n c e  v o l t a g e  i n c r e a s e s .  Con- 
v e r s e l y ,  when t h e  c o i l s  move a p a r t ,  t h e  gage 'ou tpu t  goes  
down and t h e  d i f f e r e n c e  v o l t a g e  d e c r e a s e s .  
The d i f f e r e n c e  v o l t a g e  i s  f e d  from t h e  c o i l s  i n t o  a 
c o n t r o l  and check c i r c u i t .  I n  t h i s  c i r c u i t  two s e p a r a t e  
f u n c t i o n s  a r e . p @ r f o r m e d :  t h e  s e n s i t i v i t y  i s  s e t  by a r e -  
s i s t a n c e  shun ted  a c r o s s  t h e  c o i l s ,  and a  check c i r c u i t  ' 
which i n d i c a t e s  v a r i a t i o n s  f rom t h e  i n i t i a l  c a l i b r a t i o n  
i s  p r o v i d e d .  A v e r n i e r  ad jus tment  on t h e  o s c i l l a t o r  v o l t -  
a g e  c a n  be s e t  t o  e l i m i n a t e  t h e s e  v a r i a t i o n s  i f  caused by 
d r i f t s  i n  o s c i l l a t o r  v o l t a g e  o r  f r e q u e n c y ,  o r  - i n  awli- 
f i e r  g a i n .  T h i s  i n s u r e s  c o n s t a n c y  o f  c a l i b r a t i o n .  The 
o s c i l l a f  o r  v o l t a g e  may be ' s e t  approx imate ly  w i t h  a  c o n t r o l  
r e s i s t o r  and i s  i n d i c a t e d  on a n  a l t e r n a t i n g - c u r r e n t  v o l t -  
me te r .  The v o l t a g e  from t h e  c o n t r o l  c i r c u i t  goes  t h r o u g h  
a  f i l t e r  of t h e ' h i g h  p a s s  t y p e ,  which i s  used t o  e l i m i n a t e  
low-frequency p ickup.  T h i s  p ickup  may be from e i t h e r  t h e  
power l i n e  o r  from t h e  l e a d s  t o  t h e  motor i n  a  powered 
model. The o u t p u t  o f  t h e  f i l t e r  i s  connected  t o  t h e  am- 
p l i f i e r  on t h e  main c h a s s i s .  The a m p l i f i e d  v o l t a g e  i s  
f e d  i n t o  a r e c t i f i e r  and t h e  d i r e c t - c u r r e n t  o u t p u t  a c t u -  
a t e s  t h e  l a r g e  fan-shaped mete r  on t h e  c o n t r o l  box ( f i g .  
2) 
The o s c i l l a t o r  and t h e  power supp ly  f o r  b o t h  t h e  a m -  
p l i f i e r  and t h e  o s c i l l a t o r  a r e  mounted on t h e  main c h a s s i s  
and  t h e  n e c e s s a r y  w i r i n g  i s  brought  by c a b l e  t o  t h e  con- 
t r o l  box. To reduce  t h e  e f f e c t  of l i n e  v o l t a g e  fluctua: 
t i o n s  on t h e  o p e r a t i o n  o f  t h e  i n s t r u m e n t ,  a n  a l t e r n a t i n g -  
c u r r e n t  v o l t a g e  r e g u l a t o r  i n  t h e  supply  l i n e  i s  used.  
Tbe main l i n e  s w i t c h  and a p i l o t  l i g h t  a r e  a l s o  i n  t h e  
c o n t r o l  box. I n  t b i s  way all t h e  c o n t r o l s  needed f o r  
o p e r a t i o n  of  t h e  ba lance  a r e  brought  d i r e c t l y  t o  t h e  oper-  
a t o r  f o r  convenience  of o p e r a t i o n .  
C .  O p e r a t i n g  Exper ience  
T h i s  e l e c t r i c a l  ba lance  h a s  been used i n  b o t h  t h e  7- 
by 10-foot  t u n n e l  and  t h e  19-foot  p r e s s u r e  t u n n e l  of t h e  
NACA a t  Langley F i e l d .  I n  t h e  t e s t s  made i n i t i a l l y  i n  t h e  
7- by 10-foot t u n n e l ,  a c e r t a i n  s e n s i t i v i t y  d r i f t  was ap- 
p a r e n t  which n e c e s s i t a t e d  f r e q u e n t  c a l i b r a t f o n s .  However, 
t h e  t e s t  r e s u l t s  were ve ry  p romis ing  and a r e v i s e d  ba lance  
was b u i l t  i n  which t h i s  d r i f t  was e l i m i n a t e d ,  T h i s  bal-  
a n c e  was used a t  t h e  19-foot p r e s s u r e  t u n n e l  w i t h  v e r y  
s a t i s f a c t o r y  r e s u l t s  on t e s t s  of a  t a i l - p l a n e  model. Some 
t i m e  b e f o r e  t h e  t e s t s  were r u n ,  t h e  gage u n i t  was i n s t a l l e d  
i n  t h e  t e s t  s u r f a c e .  The comple te  ba lance  and t h e  t e s t  s e t -  
up were made o u t s i d e  t h e  t u n n e l  f o r  c a l i b r a t i o n  p u r p o s e s ,  
The main s u r f a c e  was f i x e d  r i g i d l y  and moments were a p p l i e d  
t o  t h e  c o n t r o l  s u r f a c e  by hanging known weigh t s  on a mi re  
f a s t e n e d  t o  i t  a t  a measured d i s t a n c e  from t h e  h i n g e . l i n e .  
The b a l a n c e  w a s  checked o v e r  a  p e r i o d  of one week by 
t a k i n g  c a l i b r a t i o n  c u r v e s  a t  f r e q u e n t  i n t e r v a l s .  The r e -  
s u l t s  of t h e s e  c a l i b r a t i o n s  i n d i c a t e d  t h a t  t h e  ba lance  
would reproduce  r e a d i n g s  t o  42 p e r c e n t  o f  f u l l  s c a l e  on 
t h e  meter .  
The t e m p e r a t u r e  r i s e  i n  t h e  p r e s s u r e  t u n n e l  may be 
q u i t e  h i g h  when t e s t i n g  i s  con t inued  f o r  a  l o n g  t ime ,  
amounting a t  t imes  t o  50° F. Accord ing ly ,  t h e  gage  u n i t  
was d e s i g n e d  w i t h  a v i e v  t o  minimizing t h e  t e m p e r a t u r e  
ef f e e t  b -  As a  t e s t  , t h e  t einperature of t h e  gage u n i t  was 
r a i s e d  40° F by p l a c i n g  a  l a r g e .  so lde r ing  i r ~ n  about 6 
inches  below i t .  No n o t i c e a b l e  d e f l e c t i o n  of t h e  meter 
occurred.  It  i s  f e l t  t h a t  t h e s e  t e s t  cond i t i ons  a r e  more 
severe  t han  would occur i n  normal ope ra t ion  because of t h e  
uneven l o c a l i z e d  temperatures .  
The model was i n s t a l l e d  i n  t h e  t unne l  and check c a l i -  
b r a t i o n s  were made from time t o  time. These c a l i b r a t i o n s  
a l l  compared favorab ly  wi th  p rev ious  d a t a ,  The engineers  
conduct ing t h e  t e s t s  found t h e  meter easy t o  r ead  and ad- 
- justment s ,  simple t o  make. Adjustments t o  t h e  gage u n i t  
had t o  be made on ly  when t h e  a n g l e  of' t h e  c o n t r o l  su r f ace  
r e l a t i v e  t o  t h e  main su r f ace  had t o  be changed. A t y p i c a l  
s e t  of curves  showing d a t a  taken wi th  t h i s  balance i s  
g iven  i n  f i g u r e  3. The i n s t a l l a t i o n  of t h e  gage u n i t  i n  
t h e  t a i l - p l a n e  model i s  shown i n  f i g u r e  4. The spool - l ike  
member i s  used as a t o r s i o n  s p r i n g  and t h e  c o i l s  a r e  he ld  
i n  c l i p s  connected t o  t h e  spool f l anges .  The e l e v a t o r  
hinge moment causes  a t w i s t  i n  t h e  body uf t h e  spool and 
t h e  ' r e l a t i v e  motion of t h e  f l a n g e s  changes t h e  gage-unit 
coup1 ing. 
I n  a d d i t i o n  t o  t h i s  i n s t a l l a t i o n ,  two t r i a l s  have 
been made of t h i s  balance fo-r determining t h e  to rque  i n  
powered models. I n  t h e s e  t e s t s  t h e  model motor was 
mounted i n  b a l l  bear ings  and r e s t r a i n e d  by a  sp r ing  mern- 
ber .  The d e f l e c t i o n  of t h e  s p r i n g  provided v a r i a b l e  cou- 
p l i n g  a t  t h e  gage u n i t .  D i f f i c u l t y  frord'pickup was en- 
countered as  t h e  s t r a y  f l u x  from t h e  motor coupled i n t o  
t h e  c o i l s . '  The f i l t e r  'in t h e  c o n t r o l  box was i n s e r t e d  t o  
e l i m i n a t e  t h e  p'ickup. iA comple te ly  s a t i s f a c t o r y  sp r ing  
h a s  not y e t  b e e n . b u i l t  f o r  t h i s  purpose,  as  t h e  e f f e c t s  
of  t empera ture  r i s e  and t h r u s t  of t h e  p r o p e l l e r  on t h e  
s p r i n g  and c ~ a d l e  combination gave' spur ious  d e f l e c t i o n s .  
Work on s p r i n g s  anti monntings s u i t a b l e  f o r  u se  f o r  
t o rque  de t e rmina t ions  i s  going forward . i n  an  e f f o r t  t o  
p e r f e c t  t h i s  a p p l i c a t i o n ,  
Development of mul t ichannel  appa ra tus  which w i l l  
enab le  t h e  o p e r a t o r  t o  read  t h e  moments a t  s eve ra l  p o i n t s  
i n  t h e  model w i t h  l i t t l e  o r  no adjustment  t o  t h e  c o n t r o l  
box i s  a l s o  befng c a r r i e d  on. 
With t h e  n u l t  i channe l  a p p a r a t u s ,  one channel m i l l  be 
used f o r  to rque  measurements. I n  t h i s  way t h e r e  w i l l  be 
a v a i l a b l e  means f o r  t a k i n g  hinge-moment and t o r q u e  d a t a  
w h i l e  r e g u l a r  t e s t s  a r e  be ing  runlopi th  no':waste o f  t ime .  
FART I I. CONSTRUCT IoxaL DETAILS 
A. Gage and Balance Uni t  C o i l s  
The c o i l s  which a r e  assembled t o  make t h e  gage and 
b a l a n c e  u n i t  t r a n s f o r m e r s  a r e  i n d i v i d u a l l y  wound on i r o n  
c o r e s .  P i g u r e  5 shows t h e  c o r e  shape  of a s i n g l e  c o i l ,  
The c o r e  i s  formed of  l a m i n a t i o n s  o f  t r a n s f o r m e r  s i l i c o n  
s t  e e l  a.pproximat e l y  0.014 i n c h  t h i c k .  These l amina t  i o n s  
s h o u l d  be t h i n  t o  keep l o s s e s  down. The l a m i n a t i o n s  o f  
a n  o l d  t r a n s f o r m e r  may be used t o  make t h e s e  c o r e s .  For  
a  comple te  b a l a n c e ,  f o u r  c o r e s  a r e  needed. 
The c o i l s  a r e  wound w i t h  No. 36 A .  W .  8 .  enameled 
manganin wi re .  The u s e  of  mdlnganin w i r e  s e r v e s  t o  g i v e  a 
r e l a t i v e l y  h i g h  r a t i o  of winding l o s s  t o  i r o n  l o s s .  T h i s  
minimizes  t h e  e f f e c t  of  v a r i a t i o n  o f  i r o n  l o s s  w i t h  tem- 
p e r a t u r e .  A s  manganin w i r e  h a s  a ve ry  low tempera tu re  
c o e f f i c i e n t  of r e s i s t a n c e ,  r e s i s t a n c e  v a r i a t i o n s  w i t h  
t e m p e r a t u r e  a r e  n e g l i g i b l e .  
I t  i s  impor tan t  t h a t  t h e  c o i l s  be layer-wound and 
t h a t  a l l .  c o i l s  be s i m i l a r .  A l l  t h e  c o Z l s  should  have a 
r e s i s t a n c e  of a p p r o x i m a t e l y  1000 ohms %hen completed and. 
a11 should  have approxirna'tely t h e  same number of t u r n s .  
The winding may be i n s u l a t e d  from t h e  c o r e  w i t h  a  t h i n  
l a y e r  of  f i s h  p a p e r ,  I t  i s  a d v i s a b l e  t o  make a  smal l  j i g ,  
c o n s i s t i n g  of two ,c lamps f o r  the c o r e  ends ,  w i t h  end 
p l a t e s  t o  f i x  t h e  winding l e n g t h ,  f o r  winding t h e  c o i l s  
i n  a m a l l  l a t h e .  F i g u r e  6 shows s u c h ' a  j i g  and i n  i t  a  
p a r t i a l l y  wound c o i l .  One end of t h e  j i g  i s  a r r a n g e d  f o r  
clamping i n  t h e  l a t h e  heads tock :  t h e  o t h e r  i s  coun te r sunk  
f o r  t h e  t a i l s t o c k  dead c e n t e r .  
A f t e r  minding,  t h e  c o i l s  a r e  impregnated w i t h  a n  in- 
s u l a t i n g  v a r n i s h  and baked. The baking h e l p s  r e l i e v e  
s t r e s s e s  which a r e  s e t  up i n  winding and a i d s  i n  s t a b i l i z -  
ing  t h e  minding r e s i s t a n c e .  Leads of h e a v i e r  w i r e  shou-ld 
be s o l d e r e d  t o  t h e  c o i l  ends and f i r m l y  cemented ' 
f o r  g r e a t e r  mecnanica l  s t r e n g t h .  
B. ldechanical  S t r u c t u r e  o f  Gage Uni t  
Des ign ing  of t h e  s p r i n g  member and t h e  c o i l  clamps 
f o r  t h e  gage  u n i t  p r e s e n t s  c e r t a i n  problems which must be 
c a r e f u l l y  handled  f o r  s a t i s f a c t o r y  o p e r a t i o n  of t h e  bal-  
ance .  The ba lance  i t s e l f  g i a e s  a n  i n d i c a t i o n  o n l y  of  
change i n  c o u p l i n g  between t h e  two c o i l s  of t h e  gage un i t .  
I t  i s  t h e  f u n c t i o n  of t h e  s p r i n g  member t o  t r a n s f o r m  t h e  
l o a d  on t h e  s u r f a c e  t o  a d e f l e c t i o n ,  which w i l l . b e  i n d i -  
c a t e d  by t h e  ba lance .  If t h e  s p r i n g  h a s  a n y  h y s t e r e s i s ,  
t h e  i n d i c a t e d  h inge  moment w i l l  e x h i b i t  t h i s  h y s t e r -  
e s i s .  If t h e  h i n g e s  of t h e  c o n t r o l  s u r f a o e  have  e x c e s s i v e  
f r i c t i o n ,  t h i s  f r i c t i o n  w i l l  g i v e  t h e  appearance  of h y s t e r -  
e s i s  i n  t h e  i n d i c a t i o n .  The impor tance  of e l i m i n a t i n g  
f r i c t i o n  and h y s t e r e s i s  i n  t h e  mechanica l  d e s i g n  mar be 
a p p r e c i a t e d  when t h e  f u l l - s c a l e  movement of t h e  c o i l s  of  
0.010 i n c h  i s  cons ide red .  
l e  have  found i n  p r a c t i c e  t h a t  i f  t h e  s p r i n g  i s  so  
d e s i g n e d  t h a t  t h e  maximum u n i t  s t r e s s  does  not  exceed 20 
p e r c e n t  of t h e  e l a s t i c  l i m i t  of t h e  m a t e r i a l  t h e r e  w E l l  
be no n o t i c e a b l e  h y s t e r e s i s  caused by t h e  s p r i n g .  
80 c o n n e c t i o n s ,  a s  f o r  clamps t o  h o l d  t h e  c o i l s ,  
s h o u l d  be made t o  , p a r t s  o f  t h e  s p r i n g  member which a r e  
u n d e r  f u l l  s t r e s s  i n  t h e  loaded  c o n d i t i o n .  I f  p r a c t i c a b l e ,  
i t  i s  d e s i r a b l e  t o  machine t h e  s p r i n g  and i t s  *mounting 
l u g s  o f  one p i e c e  of  m a t e r i a l  and e l i m i n a t e  the e f f e c t  of 
weld m e t a l  a t  s t r e s s e d  l o c a t i o n s .  F i g u r e s  7 and 8 shorn a  
s p r i n g  member of  t h i s  type .  T h i s  u n i t  i s  mounted i n s i d e  
t h e  s u r f a c e  w i t h  t h e  rod on t h e  h i n g e  l i n e . ,  The p l a t e s  a t  
t h e  end of t h e  . rod  a r e  bol%ed t o  t h e  c o n t r o l  s u r f a c e  of 
t h e  model. The f o r k  a t  t h e  c e n t e r  a f  t h e  rod i s  p inned t o  
a l i n k  which i s  connected  a t  t h e  f a r  end t o  t h e  f i x e d  sur-  
f a c e .  A 1 1  p o s s i b l e  p r e c a u t i o n s  a r e  t a k e n  t o  i n s u r e  f r i c -  
t i0 .n-f . ree h i n g e s  on the c o n t r o l  s u r f a c e .  I n  t h i s  way t h e  
s u r f a c e  l o a d  i s  t r a n s m i t t e d  t h r o u g h  t h e  l i n k  t o  t h e  f o r k  
o n  t h e  r o d ,  and th rough  t h e  rod t o  t h e  p l a t e s  and t h e  con- 
t r o l  s u r f a c e .  The c o i l s  a r e  clamped, one t o  th'e f o r k  ex- 
t e n s i o n  as  shown, and t h e  o t h e r  be lov  i t  t o  t h e  p l a t e s  and 
main s u r f  ace .  
The rod  i s  s t r e s s e d  both  i n  t o r s i o n  and a s  a c e n t r a l -  
1x loaded  f i x e d  end beam. The d e s i g n  o f  t h e  member i s  
such t h a t  t h e  d e f l e c t i o n  caused by t h e  t o r s i o n a l  l o a d  i s  
c h i e f l y  t h e  one t h a t  must be c o n s i d e r e d  i n  o p e r a t i o n .  
T h i s  d e f l e c t i o n ,  o r  t w i s t  of t h e  r o d ,  s e r v e s  t o  move t h e  
c o i l s  toward o r  away from each o t h e r  and p r o v i d e s  t h e  
v a r i a b l e  c o u p l i n g  a t  t h e  gage.  
S e v e r a l  gage u n i t s  have  been c o n s t r u c t e d ,  u s i n g  a  
t o r q u e  r o d  a s  t h e  s p r i n g  but  w i t h  t h e  c o i l  clamps a t t a c h e d  
t o  t h e  r,od by a  s p l i t  c l i p .  T h i s  i s  r e a s o n a b l y  s a t i s f a c -  
t o r y  i f  t h e  p o i s t  of c o i l  c l i p  a t t achment  i s  on a n  exten-  
s i o n  of t h e  rod whioh i s  heyand t h e  p o i n t  of  application 
of load.  If t h e  rod  i s  clamped t o  t h e  main s u r f a c e  o r  
t h e  l i n k a g e  from t h e  c o n t r o l  s u r f a c e  by a s p l i t  clamp, 
t h e r e  w i l l  be s l i p p i n g  a t  t h e  clamping p o i n t  and t h e  oper- 
a t i o n .  w i l l  no t  be s a t i s f a c t o r y .  On a n  i n s t a l l a t  i o n  of 
t h i s  s o r t  i t  was n o t  p o s s i b l e  t o  e l i m i n a t e  s l i p p a g e  by 
t a p e r  p i n s  and o n l y  b r a z i n g  o f  t h e  clamp and rod s u f f i c e d .  
Bowever, t h i s  i n t r o d u c e d  b r a z i n g  m a t e r i a l  as  a  p o r t i o n  of 
t h e  s p r i n g  and t h e r e  was h y s t e r e s i s  a s  a r e s u l t  o f  t h e  in- 
e l a s t i c  c h a r a c t e r  o f  t h e  m a t e r i a l .  
F i g u r e  4 shows a gage  u n i t  used  a t  t h e  19-foot  p res -  
s u r e  t u n n e l .  I n  t h i s  u n i t  t h e  s p r i n g  c o n s i s t s  o f  a  p a i r  
of spoo l s .  The c e n t r a l  p o r t i o n  of  t h e  s p o o l  d e f l e c t s  
u n d e r  t h e  load .  The a t t achment  t o  t h e  model i s  made w i t h  
b o l t s  t h r o u g h  t h e  f l a n g e s ,  where t h e  s t r e s s  i s  low and 
clamping e f f e c t s  a r e  n e g l i g i b l e .  The c l i p s  which hold  t h e  
c o i l s  a r e  a l s o  mov-nted t o  t h e  f l a n g e s .  T h i s  p e r m i t s  t h e  
removal of  t h e  s p o o l  and  c o i l s  a s  a  u n i t  and t h e  s e t t i n g  
of t h e  c o i l s  w i l l  n o t  be d i s t u r b e d .  S e v e r a l  s e t s  of h o l e s  
a r e  p r o v i d e d  i n  t h e  f l a n g e s  t o  a l l o w  f o r  t h e  v a r i a t i o n  de- 
s i r e d  i n  a n g u l a r  s e t t i n g  . between main and c o n t r o l  s u r f a c e s ,  
The c o i l  clamps and fhe mount in$ r o d s  shou ld  be r i g i d  
enough t o  p r e v e n t  v i b r a t i o n  o f  t h e  c o i l s .  T y p i c a l  c o i l  
clamps pan be s e e n . i n  f i g u r e s  4 ,  7 ,  and 8. They can be 
made of  b r a s s  o r  aluminum bu t  p r e f e r a b l y  no t  s t e e l .  They 
shou ld  be a r r a n g e d  t o  h o l d  t h e -  c o i l s  w i t h  a s e p a r a t i o n  of 
a p p r o x i m a t e l y  0,050 i n c h  o r  0.060 inch.  (See  f i g ,  5.) 
The d e s i g n  d e f l e c t i o n  o f , t h e  s p r i n g  under  t h e  maximum 
a n t i c i p a t e d  l o a d  shou ld  be 0.010 i n c h  measured a t  t h e  gage 
c o i l s .  L i m t t i n g  t h i s  d e f l e c t  i o n  p r e v e n t s  t h e  c a l i b r a t i o n  
from becoming e x c e s s i v e l y  n a n l i n e a r .  However, t o o  small 
a clef l e c t  i o n  should  not  be used  because  s p u r i o u s  d e f l e c -  
t i o n s  i n  e i t h e r  t h e  gage  u n i t  o r  t h e  b a l a n c e  u n i t  due t o  
mechanica l  c r e e p  o r  the rmal  warping may amount t o  a n  ap- 
p r e c i a b l e  p e r c e n t a g e  of t h e  t o t a l  d e f l e c t i o n .  
C. Mechanical  S t r u c t u r e  of Balance Uni t  
B t y p i c a l  ba lance  u n i t  i s  shown i n  f i g u r e  9. A s  can 
be seen  f r o m  t h e  pho tograph ,  i t  c o n s i s t s  of two c o i l s  
clamped t o  a  f i x e d  p 3 a t e  and a. movable arm. The cons t ruc -  
t i o n  shown was adopted  because i t  a f f o r d s  good c o n t r o l  of 
t h e  s e t t i n g  of t h e  moving c o i l .  The screw which moves 
t h e  f l e x i b l e  arm h a s  40 t h r e a d s  p e r  i n c h  f o r  f i n e  a d j u s t -  
ment, The s e t t i n g  may be f i x e d  by t h e  s p l i t - n u t  and 
clamp-screw arrangement ,  The complete u n i t  may .be mads 
of  b r a s s .  
D .  Xain C h a s s i s  
1, Genera l  
The power s u p p l y ,  o ' s c i l l a t o r ,  and a m p l i f i e r  a r e  a l l  
b u i l t  up on a  m e t a l  c h a s s i s  10 by 17 by 3 i n c h e s .  A l l  
components a r e  - l i s t e d  on pages  17, 1 8 ,  and 19. The t h r e e  
u n i t s  ' a r e  s e p a r a t e d  on t h e  c h a s s i s ,  w i t h  t h e  purpose  i n  
mind of r e d u c i n g  c o u p l i n g  between t h e  o s c i l l a t o r  and t h e  
a m p l i f i e r .  Cables from t h e  c o n t r o l  box t o  t h e  main chas- 
s i s  a r e  of t h e  two-wire, shielded-micrpphone-conductor 
t y p e .  Connect i o n s  a r e  made by two con tac t -  amphenol- 
sh ie ldecl  microphone c o n c e c t o r s  o r  s i m i l a r  connec to r s .  The 
w i r i n g  shou ld  be a r r a n g e d  so t h a t  t h e  i n t e r a c t i o n  between 
u n i t s  w i l l  be a t  a  minimum. 
. . 2 .  Power Supply 
( s e e  f i g .  10.)  . . 
The power supp ly  i s  of t h e  e l e c t r o n i c a l l y  r e g u l a t e d  
t y p e  and s u p p l i e s  t h e  d i r e c t  c u r r e n t  and t h e  f i l a m e n t  
v o l t a g e  f o r  t h e  o s c i l l a t o r  and t h e  a m p l i f i e r .  The 3.15-volt 
i n p u t  c a b l e  should be l o n g  enough t o  r e a c h  t h e  v o l t a g e  
r e g u l a t o r ,  which ii? t u r n  i s  connected  t o  t h e  c o n t r o l  box. 
The v o l t a g e  r e g u l e t o r  i s  of t h e  s a t u r a b l e  c o r e  r e a c t o r  
t y p e  'as b u i l t  'tiy Bagtheon,  Thordarson ,  U.T.C., q r  S o l a  
and shou ld  be c a p a b l e  of  con t inuous  du-tg w i t h  150 VA load .  
The pover  supply  p r e s e n t s  no w i r i n g  d i f f i c u l t i e s  and c a n  
be assembled q u i c k l y .  The r e s i s t o r s  R2 and R4 shou ld  
be a c c e s s i b l y  mounted on t h e  c h a s s i s .  The s h a f t s  shou ld  
be s l o t t e d  f o r  sc rew-dr ive r  ad  justrnent , because  once t h e y  
a r e  s e t  t h e y  w i l l  no t  have t o  be touched.  I t  w i l l  be 
found t h a t  R4 rough ly  s e t s  t h e  o u t p u t  v o l t a g e  and Rs 
c o n t r o l s  t h e  r e g u l a t i o n .  S u c c e s s i v e  a d j u s t m e n t s  of R, 
aiid - ~ i  w i l l  pe rmi t  t h e  d e s i r e d  o u t p u t  v o l t a g e  and 
r e g u l a t i o n  t o  b e  o b t a i n e d .  The o u t p u t  v o l t a g e  should  be 
s e t  t o  240 v o l t s  and t h e  r e g u l a t i o n  should  be such t h a t  
i n p u t  vo>tage  v a r i a t i o n  f.rom 105  t o  125 v o l t s  a l t e r n a t i n g  
c u r r e n t .  w i l l  n o t  change i t .  ,No e x t e r n a l  c o n n e c t i o n s  t o  
t h e  power supply  o u t p u t  a r e  n e c e s s a r y  s i n c e  a l l  connec- 
t i o n s  t o  t h e  supp ly  a r e  made i n  t h e  c h a s s i s .  For  more 
i n f o r m a t i o n  s e e  r e f e r e n c e  1. 
3. O s c i l l a t o r  . 
(Se,,e f i g .  1.1.) 
The o s o i l l a t o r  i s  of t h e  n e g a t i v e  t r ansconduc tance  
t y p e  w i t h  t h +  ' f requency s e t  by t h e  v a l u e s  of  C H 2  a n d .  
C 7 .  The v a l u e s  f o r  t h e  c i r c u i t  components shou ld  be a s  
g i v e n  i n  t h e  component l i s t  t o  i n s u r e  s a t i s f a . c t o r y  opera-  
t i o n .  CHa, which i s  t h e  tuned c i r c u i t  i n d u c t a n c e ,  should  
not' be r e p l a c e d  by a n  e q u i v a l e n t  i n d u c t a n c e  a s  t h e  r e s i s t -  
ance  of t h e  c o i l  w i l l ,  i f  changed, a f f e c t  t h e  o s c i l l a t o r  
o p e r a t i o n .  The f requency  of t h e  o s c i l l a t o r  i s  approxi -  
mat'ely 2000 c y c l e s  p e r  second.  The ,power a m p l i f i e r  s t a g e  
u t i l i z e s  a n  o r d i n a r y  ou tpu t  t r a n s f o r m e r .  The 500-ohm 
o u t p u t  i s  used  and a  n o n i n d u c t i v e  r e s i s t o r  R L 9  i s  u s e d  
i n  t h e  c o n t r o l  box which,  w i t h  R, and Ral, and t h e  
c o i l s ,  forms t h e  c o r r e c t  l o a d  f o r  ' t h e  o u t p u t  tube .  For  
f u r t h e r  i n f o r m a t i o n  on t h i s  t y p e  of o s c i l l a t o r  s e e  r e f -  . ' *  
e r e n c e s  2 and 3. 
4. A m p l i f i e r  
( s e e  f i g .  12.) 
The a m p l i f i e r  i s  a s i m ~ l e  r e s i s t a n c e  c a p a c i t y  coupled 
a m p l i f i e r  w i t h  a f u l l  wave r e c t i f i e r  i n  t h e  output-.  A 
c e r t a i n  amdunt of n e g a t i v e  f e e a b a c k  i s  used  t o  s t a b i l i z e  
' t h e  g a i n  and reduce  t h e  e f f e c t s  of  t u b e  changes and v o l t -  
a.ge swings on t h e  o u t p u t .  I n  c a n s t r u c t i o o  t h e  major p r e -  
c a u t i o n s  a r e  adequa te  s h i e l d i n g ,  p a r t i c u l a r f y  of t h e  i n p u t  
g r i d  l e a d  and r e s i s t o r ,  and c o r r e c t  p h a s i n g  of t h e  feed-  
back v o l t a g e .  The i n p u t  g r i d  r e s i s t o r  can  be s h i e l d e d  
c o m p l e t e l y  w i t h ' a  p i e c e  o f  b r a i d .  The c o r r e c t  p h a s i n g  of  
t h e  f e e d b a c k  v o l t a g e  i s  e a s i l y  o b t a i n e d  by c o n n e c t i n g  C15 
a n d  t h e  ground l e a d  t o  t h e  o u t p u t  s i d e  of  T3 .  If o s c l l -  
l a t i o n  o c c u r s ,  r e v e r s e  t h e  two l e a d s .  The c o n n e c t i o n  
which r e s u l t s  i h  no o s c i l l a t i o n  i s  t h e  p r o p e r  one. 
The choke CH3 and condenser  C1, a r e  used  t o  
f i l t e r  t h e  d i r e c t  c u r r e n t  t o  t h e  a m p l i f i e r  and e l i m i n a t e  
f rom i t  any  r i p p l e  i n t r o d u c e d  by t h e  o s c i l l a t o r .  
The r e c t i f i e r  i s  f e d  from t h e  o u t p u t  t u b e  by a n  
a u d i o t r a n s f  ormer. This  t r a n s f o r m e r  i s  connected  as  a 
step-down u n i t ,  t n e  r e v e r s e  of i t s  u s u a l  connec t ion ,  
E. C o n t r o l  Box 
( s e e  f i g s .  2 and 13.) 
The pho tographs  show t h e  p a n e l  l a y o u t  o f  t h e  c o n t r o l  
box. The . k n u r l e d  heads  a t  t h e  v e r y  bottom o f  t h e  box a r e  
f o r  t h e  b a l a n c e  u n i t .  The v e r n i e r  ad jus tmen t  on t h e  os- 
c i l l a t o r  i s  d i r e c t l y  under  t h e  meter .  The c o a r s e  a d j u s t -  
ment i s  s e t  by a screw d r i v e r  t h r o u g h  t h e  s i d e  of t h e  box. 
The p o s i t i o n  o f  t h e  on-off s w i t c h ,  p i l o t  l i g h t ,  and check- 
r e a d  s w i t c h  may be noted .  The l e a d s - a r e  a l l  brought  i n  
t h e  r e a r  o f  t h e  box. The w i r i n g  i s  s h i e l d e d  as i n d i c a t e d  
and  t h e  b a s e  o f  t h e  . b a l a n c e  u n i t  grounded. P l u g s  and 
s o c k e t s  a r e  used  f o r  making c o n n e c t i o n s  t o  t h e  gage c a b l e  
a n d  t h e  c a b l e s  from t h e  main c h a s s i s .  I t  shou ld  be n o t e d  
that  t h e  g a g e  p r i m a r y  and secondary  a r e  run  i n  s e p a r a t e  
two-wire s b i e l d e d  . c a b l e s  but connec t  t o  t h e  c o n t r o l  box 
t h r o u g h  a f o q r - c o n d u c t o r  p o l a r i z e d  connec to r .  
F. Assembly and O p e r a t i o n  
To check t h e  o p e r a t i o n  of  t h e  b a l a n c e ,  a set-u.r, of  
t h e  g a g e  u n 5 t  shou ld  be made s o  t h a t  i t  can  be loaded  a s  
i t  w i l l  be i n  t h e  model. The c o i l s  a r e  mounte'd i n  t h e  
c l i p s  of t h e  gage and  b a l a n c e  u n i t s  w i t h  a n  a i r  gap of 
a p p r o x i m a t e l y  0.050 i n c h  t o  0.060 inch .  The w i r i n g  i s  
r u n  i n  f rom . the  c o n t r o l  box to- ' t h e  c o i l s . '  
The a m p l i f i e r  can  be u s e d  a s  a vacunm t u b e  v o l t m e t e r  
$0  check t h e  c o n n e c t i o n s  f o r  c o r r e c t  p o l a r i t y  of  t h e  
s e c o n d a r i e s .  The f o l l o w i n g  p r o c e d u r e  w i l l  e n a b l e  t h e  op- 
e r a t o r  t o  make t h e  i n i t i a l  b a l a n c i n g  a d j u s t m e n t s  o f  t h e  
c o i l s .  
The a i r  gaps  a t  ba lance  and gage  u n i t s  a r e  s e t  t o  be 
a p p r o x i m a t e l y  equa l .  The p r imary  c o i l s  a r e  connected i n  
p a r a l l e l  and  t h e  secondary  c o i l s  a r e  connected  i n  s e r i e s ,  
a s  shown i n  f i g u r e  13. The read-check swi tch  i s  t h r o v n  
t o  " r e a d . "  R z a  may be o m i t t e d  u n t i l  t h e  a d j u s t m e n t s  a r e  
comple te .  RB4 i s  a  p r e c i s i o n  w i r e  wound r e s i s t o r  and 
may be a decade  r e s i s t a n c e  box w i t h  one-ohm s t e p s  if one  
i s  a v a i l a b l e .  I n  any  c a s e  a v a r i a b l e  r e s i s t o r  of abou t  
1000 ohms maximum i s  r e q u i r e d  a t  R2* f o r  i n i t i a l  a d j u s t -  
ment. The connect  i o n s  betmeen t h e  main c h a s s i s ,  v o l t a g e  
r e g u l a t o r ,  and c o n t r q l  box a r e  made except  f o r  t h e  c a b l e  
from t h e  c o n t r o l  box t o  t h e  a m p l i f i e r  i n p u t .  
A. ca thode-ray  o s c i l l o g r a p h  i s  a ve ry  u s e f u l  t e s t i n g  
a i d  a t  t h i s  p o i u t .  The power i s  t u r n e d  on and t h e  power 
supply  checked f o r  p r o p e r  o u t p u t  v o l t a g e .  The o s c i l l a t o r  
v o l t a g e  should  be s e t  by R Z o  t o  abou t  8 v o l t s .  The wave 
s h a p e  can  be checked v i s u a l l y  w i t h  t h e  o s c i l l o g r a p h .  I t  
shou ld  be n e a r l y  p u r e  s i n e  wave. The r e a d i n g  on t h e  
d i r e c t - c u r r e n t  o u t p u t  meter  should  not  be more t h a n  5 p e r -  
c e n t  of f u l l  s c a l e .  I f  t h e  meter  goes  t o  f u l l  s c a l e  when 
t h e  b a l a n c e  i s  t u r n e d  on ,  check t h e . a m p l i f  i e r  feedback 
p h a s i n g  a s  d e s c r i b e d  p r e v i o u s l y .  I f  ' t h i s  does  not  e l i m i -  
n a t e  t h e  h i g h  meter  r e a d i n g ,  check t o  s e e  t h a t  t h e  i n p u t  
t u b e  i s  n o t  p i c k i n g  up s t r a y  v o l t a g e s  and a m p l i f y i n g  them, 
There  w i l l  be a mete r  r ead ing  of a few p e r c e n t  remaining 
a f t e r  a l l  t h e s e  p o i n t s  a r e  c o r r e c t .  This meter  r e a d i n g  
i s  caused by t h e  r e c t i f k e r  t u b e  and i s  t o  b e , e x p e c t e d .  
If a n  o s c i l l o g r a p h  i s  a v a i l a b l e ,  u s e  a p a i r  o f  t e s t  
p r o d s  and obse rve  t h e  secondary  v o l t a g e  o f  t h e  b a l a n c e  
u c i t .  Without changing t h e  s e t t i n g s  o f  t h e  o s c i l l o g r a p h ,  
check  t h e  secondary  v o l t a g e  o f  t h e  gage u n i t .  These tw,o 
v o l t a g e s  should  g i v e  about  t h e  same d e f l e c t i o r i s  on t h e  
sc reen .  If the two a r e  very  d i s f e r e n t ,  i t  w i l l  be neces-  
s a r y  t o  aove  one  of  t h e  c o i l s  z n t i l .  t h e  two secondary  
v o l t a g e s  a r e  about  equa l .  The o s c i l l o g r a p h  l e a d s  a r e  t h e n  
p l a c e d  a c r o s s  t.Se two s e c o n d a r i e s  i n  s e r i e s ,  The r e a d i n g  .' 
shou ld  t h e n  be s m a l l  a s  compared t o  t h e  v o l t a g e  of a  s i n -  
g l e  ,secondary. I f  t h e  read-ing i s  not  sinall, r e v e r s e  t h e  
l e a d s  coming f rom t h e  gage  secondary  t o  t h e  c o n t r o l  box. 
I n  t h i s  box t h e  two c o i l s  a r e  p l a c e d  i n  o p p o s i t i o n  and a r e  
approximat  s l y  ba lanced.  
If no o s c i l l o g r a p h  i s  a v a i l a b l e ,  t h e n  s e t  R 2 4  t o  
z e r o  and connect  t h e  a m p l i f i e r  i n p u t  c a b l e .  The meter  
r e a d i n g  shou ld  not  change. S l o w l y . i n c r e a s e  R2* from 
z e r o  w h i l e  watching t h e  ou tpu t  meter .  I t  should  be pos- 
s i b l e  t o  r a i s e  i t  t o  o v e r  100 ohms wi thout  t h e  meter  go ing  
o f f  s c a l e .  I f  t h e  mete r  goes  o f f  s c a l e  w i t h  R z 4  v e r y  
s m a l l ,  r e v e r s e  t h e  gage secondary  l e a d s .  T h i s  should  per-  
m i t  r a i s i n g  R 2 4  t o  a h i g h e r  v a l u e  b e f o r e  t h e  meter  
r e a c h e s  f u l l  s c a l e .  I f  i t  s t i l l  a p p e a r s  t h a t  t h e  r e s i s t -  
a n c e  i s  t o o  low, t h e  c o i l s  shou ld  be a d j u s t e d ,  a s  t h e  sec- 
ondary v o l t a g e  may be badly o u t  of ba lance .  
If t h e  c o i l s  have  been s e t  approx imate ly  w i t h  a n  0s- 
c i l l o g r a p h ,  t h e  a m p l i f i e r  c o n n e c t i o n  can be made and R 2 , &  
s e t  t o  a b o u t  100 ohms. When e i t h e r  method h a s  been u s e d ,  
i t  shou ld  be p o s s i b l e  t o  make t h e  o u t p u t  lneter va ry  from 
f u l l  s c a l e  t o  a  minimum abokt  5 t o  l o - p e r c e n t  of f u l l  
s c a l e  by t u r n i n g  t h e  a d j u s t i n g  screw on t h e  ba lance  u n i t .  
The s e n s i t i v i t y  of t.he b a l a n c e  may be s e t  i n  t h e  f o l -  
lowing way: R Z 4  i s  s e t  a t ,  s a y ,  100 ohms. The balanc'e 
u n i t  i s  t h e n  s e t  t o  g i v e  midsca le  r e a d i n g  on t h e  meter ,  
The s u r f a c e  i s  loa6ed  by we igh t s  suspended on a  mire  so 
t h a t  t h e  h i n g e  moment i s  c a l c u l a b l e .  .The a n t i c i p a t e d  
h i n g e  moment be ing known, t h e  we igh t s  a r e  p u t  on u n t i l  
t h i s  h i n g e  moment d e f l e c t s  t h e  s p r i n g  of. t h e  gage u n i t ,  
which c a u s e s  a mete r  - reading e i t h e r  up s c a l e  O T  down s c a l e  
f r o m  t h e  midpoint .  Should t h e  mete r  go o f f  s c a l e  t o  t h e  
r i g h t  o r  go down s c a l e  t o  a  minimum and r e v e r s e  be fo re  t h e  
f u l l  a n t i c i p a t e d  nomefit. i s  appl ' ied, t h e  s e n s i t i v i t y  i s  too  
h i g h  and must be.-reduced.  The s e n s i t i v i t y  i s  lowered by 
r e d u c i n g  R ,, . ' r e s e t t i n g  t h e  b a l a n c e  u n i t  f o r  midsca le  
d e f l e c t i o n ,  and c h e c k i n g  as d e s c r i b e d .  - The d i f f i c u l t y  i n  
g e t t i n g  t $ e . c o i l s  t o  ba lance  e x a c t l y  i s  what c a u s e s  t h e  
minimum r e a d i n g  a s  t h e .  meter  g o e s  down s c a l e .  T h i s .  mini- 
inum shou ld  no t  be h i g h e r  t h a n  5 o r  10 p e r c e n t  of f u l l  ' 
s c a l e .  The sensitivity should  be s e t  so t h a t  a t  f u l l  
l o a d  t h e  mete r  r e a d i n g  i s  s e v e r a l ,  d i v i s i o n s  above t h e  min- 
imum on t h e  low end. T h i s  means t h a t  f u l l  l o a d  i n  t h e  
o p p o s i t e  d i r e c t i o n  w i l l  not def  l e c t  t h e  mete r  f u l l  s c a l e ,  
Phen t h e  d e s i r e d  s e n s i t i v i t y  i s  s e t ,  t h e  check r e s i s -  
t o r  ( R ~ ~ )  can  be s e t .  Also R z 2  may be a decade box (0 
t o  10,000 ohms i n  10-ohm s t e p s ) ,  o r  a  f i x e d  w i r e  wound r e s i s t 0  
c a n  be used  a f t e r  t h e  p r o p e r  v a l u e  has  been found w i t h  a  
v a r i a b l e  r e s i s t o r ,  a s  f o l l o w s :  R Z 2  i s  s e t  w i t h  t h e  s w i t c h  
(SITl) i n  t h e  check p o s i t i o n  t o  g i v e  midsca le  r e a d i n g ,  The 
o p e r a t i o n  of t h e  check c i r c u i t  i s  covered i n  p a r t  I11 of  
t h i s  r e p o r t .  
When t h e  s e n s i t i v i t y  and. check r e s i s t o r s  have been 
s e t ,  a  c a l i b r a t i o n  of t h e  b a l a n c e ,  g i v i n g  h i n g e  moment 
v e r s u s  mete r  r e a d i n g ,  may be made. I f ,  i n  t h e  p a r t i c u l a r  
c a s e ,  t h e  l o a d  on t h e  s p r i n g  i s  such t h a t  i t  a lways  w i l l  
be i n  t h e  same s e n s e ,  t h e n  t h e  b a l a n c e  p o i n t  may be s e t  
t o  p e r m i t  u s e  of most of t h e  mete r  s c a l e .  For  example, 
suppose t h e  meter  minimum r e a d i n g  t o  be 8 d i v i s i o n s ,  w i t h  
100 d i v i s i o n s  f o r  f u l l  s c a l e  and  t h e  moment t o  be measured 
p l u s  o r  minus 20 pound-f e e t .  The ba lance  u n i t  would be 
s e t  t o  g i v e  50 as  a  mete r  r e a d i n g  a t  ze ro  h i n g e  moment. 
The s e a s i t i v i t y  would be s e t  so  t h a t  t h e  20 pound-feet 
would c a u s e  a  d e f l e c t i o n  up s c a l e  t o  90 and down s c a l e  t o  
. 10. 
I f  t h e  moment were 4-5 pound-f e e t  and -25  pound-f e e t  , 
t h e n  f o r  t h e  same minimum of  8 d i v i s i o n s  t h e  ze ro  h i n g e  
moment r e a d i n g  would be s e t  t o  85. Then t h e  s e n s i t i v i t y  
would be a d j u s t e d  t o  g i v e  a r e a d i n g  of  100 w i t h  +5 pound- 
f e e t  and 10 w i t h  -25  pound-feet .  
PART 111, ANALYSIS OF CHECK C I R C U I T  
With r e f e r e n c e  t o  f i g u r e  14, a n  e l a s t i c  member S  
i s  s o  a r r a n g e d  t h a t  i t s  y i e l d  i n  . r e sponse  t o  t h e  h inge  
moment a l t e r s  t h e  p r imary  t o  t h e  ~ e c ~ o n d a r y  c o u p l i n g  of  
t h e  gage  u n i t  G. The change e l  i n  t h e  secondary  v o l t -  
a g e  i s ,  a s  h a s  been mentioned,  a measure of  t h e  h inge  mo- 
ment. The ba lance  u n i t  B i s  connec ted  i n  s e r i e s  oppo- 
s i t i o n  so t h a t  t h e  n e t  v o l t a g e  of  t h e  two i s  t h e  a b s o l u t e  
v a l u e  of t h e  v o l t a g e  d i f f e r e n c e  edif, = (eo + e l  - ebl . 
I t  i s  c l i a r  t h a t  e b  c o u l d  be made t o  c a n c e l *  eo,  t h e  
................................................... 
* ~ ~ ~ r o x i r n a t e l ~ .  P r a c t i c a l l y ,  t h e  c a b l e  t o  t h e  gage  u n i t  
p roduces  a n  impedance, a s y m e t r y  which makes a  p e r f e c t  -> 
b a l a n c e  d i f f i c u l t  even w i t h  t h e  u s e  of c o r r e c t i n g  ca- 
p a c i t o r s .  Harmonics i n  t h e  o s c i l l a t o r  o u t p u t  a g g r a v a t e  t 
t h e  d i f f i c u l t y .  , 
ou.tput v o l t a g e  of G f o r  zero  h i n g e  moment, so t h a t  t h e  
n e t  o u t p u t  v o l t a g e  would be s imply e l ,  t h e  v o l t a g e  due 
t o  t h e  a p p l i e d  h inge  moment. It i s  p r e f e r a b l e ,  howeverr 
t o  o p e r a t e  w i t h  a d e l i b e r a t e  unba lance  ( e b  > e0 o_r_ 
e o  > eb)  of such a~iiount t h a t  t h e  meter  r e a d s  m i d s c a l e  
( ~ , ! 2 )  f o r  zero h i n g e  moment; t h a t  i s ,  f o r  e l  = 0. Then 
h i n g e  moments o f  one s i g n  w i l l  c ause  t h e  meter  t o  r e a d  u p  
s c a l e  and h i n g e  moments o f  t h e  o p p o s i t e  s i g n  w i l l  c a u s e  
t h e  meter  t o  r e a d  down s c a l e .  Changing t h e  s i g n  of t h e  
d i f f e r e n c e  eo - e b ,  by changing t h e  b a l a n c e  u n i t  a i r  gap ,  
w i l l  r e v e r s e  t h e  r e l a t i o n s h i p  s o  t h a t  h i n g e  moments v h i c h  
r e a d  up s c a l e  b e f o r e  w i l l  r e a d  down s c a l e ,  and c o n v e r s e l y .  
A p a r t  a e b  of  t h e  b a l a n c e  u n i t  voltaic e b  may be 
p i c k e d  o f f  t h e  v o l t a g e  d i v i d e r  R1, R2 t o  s e r v e  a s  a 
r e f e r e n c e  v o l t a g e  f o r  s t a n d a r d i z i n g  t h e  a p p a r a t u s  at  any 
o c c a s i o n  t o  i t s  o r i g i n a l  c a l i b r a t i o n  d e s p i t e  s e c u l a r  
changes  which may have  o c c u r r e d  i n  o s c i l l a t o r  v o l t a g e  o r  
f r e q u e n c y  and i n  a m p l i f i e r  g a i n .  Bor l e t  a e b  be s e t  
e q u a l  t o  (eo - ebl , which, we have  seen ,  r i l l  produce  a  
d e f l e c t i o n  ~ ~ / 2  i n  t h e  o u t p u t  m e t e r ,  and l e t  t h i s  o c c u r  
f o r  a  p a r t i c u l a r  o s c i l l a t o r  v o l t a g e  e  
P O  ' o s c i l l a t o r  f  re- - 
quency f o ,  and a m p l i f i e r  g a i n  G o .  We t h e n  have 
But e x p e r i m e n t a l l y  t h e  sec,ondb-ary v o l t a g e s  a r e  c l o s e l y  pro- 
p o r t i o n a l  t o  t h e  o s c i l l a t o r  v o l t a g e  and f requency .  And 
s i n c e  t h e  a m p l i f i e r  o u t p u t  v o l t a g e  E i s  i n  t u r n  propor-  
t i o n a l  t o  t h e  secondary  v o l t a g e s ,  t h e  p r o p o r t i o n a l i t y  con- 
s t a n t  b e i n g  t h e  g a i n  G ,  we may w r i t e  
Reading i n  t h e  
Echeck = '(if;) (6) aeb { I' check" p o s i t i o n  
where ep, f ,  and G a r e  t h e  e x i s t i n g  o s c i l l a t o r  v o l t -  
a g e ,  o s c i l l a t o r  f r e q u e n c y ,  and a m p l i f i e r  g a i n ,  r e s p e c t i v e l y ,  
a t  t h e  t i m e  under  c o n s i d e r a t i o n .  I f ,  now, we a d j u s t  any 
one  of  t h e s e  t h r e e  q u a n t i t i e s  so t h a t  EcbeCk = ~ ~ / 2 ,  we 
h a v e  from e q u a t i o n  (2-21, 
But t h e  o u t p u t  . v o l t a g e  i n  t h e  " r e a d "  p o s i t  i o n  w i t h  an  ap- 
p l i e d  h i n g e  moment i s  
and s u b s t i t u t i n g  (2 -3 )  and t h e  r e l a t i o n  a e b  = le0 - ebl 
t h e r e  r e s u l t s  
S i n c e  t h i s  f i n a l  e q u a t i o n  (3-1) c o n t a i n s  n e i t h e r  ep,  f ,  
n o r  8, i t  a p p e a r s  t h a t  t h e  ad jus tment  t o  make Echeck 
= ~ , / 2  h a s  r e n d e r e d  t h e  meter  r e a d i n g  independent  of t h e  
o s c i l l a t o r  v o l t a g e ,  o s c i l l a t o r  f r equency ,  and  a m p l i f i e r  
g a i n .  * ,** 
* S t r i c t l y  speak ing ,  t h e  meter  r e a d i n g  i s  independent  of 
t h e s e  t h r e e  q u a n t i t i e s  i n d i v i d u a l l y ,  but  no t  of t h e i r  
p r o d u c t ;  but t h e  v a l u e  of t h e  p roduc t  h a s  been p r o p e r l y  
f i x e d  by t h e  mentioned a d j u s t m e n t .  
* * I n  t h i s  a n a l y s i s  t h e  meter  d e f l e c t i o n  h a s  been assumed 
d i r e c t l y  p r o p o r t i o n a l  t o  t h e  r , m .  s. a m p l i f i e r  o u t p u t  
v o l t a g e  E so t h a t  Rdg = kE, and t h e  c o n s t a n t  k 
was absorbed  i n t o  t h e  a m p l i f i e r  g a i n  G .  The conclu-  
s i o n  of independence of t h e  mete r  r e a d i n g  of 9, f ,  
and G s t i l l  h o l d s  f o r  a n o n l i n e a r  r e l a t i o n s h i p  i f  
t h i s  r e l a t i o n s h i p  i s  of  t h e  form Rdg = ~ ( l r E ) ,  where 
P may be any s i n g l e - v a l u e d  f u n c t i o n  of  kE, and k 
i s  t h e  on ly  mete r  pa ramete r  which may v a r y  with t ime:  
i t  i s  dependent  a lmost  s o l e l y  on t h e  r e c t i f i e r  charac-  
t e r i s t i c .  Diode r e c t i f i e r s  come much n e a r e r  t o  per-  
m i t  t ing  f u l f i l l m e n t  of t h i s  c o n d i t i o n  t h a n  do copper 
o x i d e  r e c t i f i e r s .  
g h i l e  t h e  a n a l y s i s  p e r m i t s  t h e  arljustment t o  be mad.e 
by v a r i a t i o n  of e i t h e r  ep ,  f ,  o r  G ,  ad jus tment  of t h e  
f r equency  f  i s  i m p r a c t i c a b l e ,  and of t h e  o t h e r  t ~ o  we 
have chosen t o  va ry  ep,  t h e  o s c i l l a t o r  v o l t a g e .  
T h i l e  t h e  equa t i ons  ob t a ined  above f o r  t h e  s i m p l i f i e d  
c i r c u i t  of f i g u r e  14  a r e  modif ied  by t h e  p r e sence  of t h e  
shun t  e lements  R 2 & ,  F1, R Z 5  i n  t h e  a c t u a l  c i r c u i t  of 
f i g u r e  .13, t h e  conc lu s ions  a r e  v a l i d  f o r  bo th  c i r c u i t s .  
COMPOWEMT S 
R, 20,000 ohm, 5 wat t  
R2 300,000 ohm, 2 w a t t ,  po t en t i ome te r  
R,, R,,, R16 0.5.megohm, 1 wat t  
R4 100,000 ohm, 2 w a t t ,  po t en t i ome te r  
R,, R,,, R a 3  0 . 1  megohm, 1 wat t  
R, 1500 oilm, 1 w a t t ,  w i r e  
0 . 13  megohm, 1 wat t  
9000 ohm, 1 wat t  
0.25 megohm, 1 matt 
1000 ohn, 1 watt, ,  w i r e  
1250 ohn, 1 w a t t ,  w i r e  
500 o$n, 1 w a t t ,  mi re  
1.35 megohm, 1 watt  
750 obn, 10 w a t t ,  wire, noninduc t ive  
i G O O  ohm, 2 w a t t ,  w i r e ,  p o t e n t i o m e t e r  
100 ohm, 2  w a t t ,  w i r e ,  p o t e n t i o m e t e r  
R , ~ s  R24 decade  box, s e e  c o n s t r u c t i o n  n o t e s  
R,, 5000 ohm, 1 wat t  
C1, C z  8-8 m i c r o f a r a d  ,450 v o l t  e l e c t r o l y t i c  
. , C 3  0.25 micro.farad 600 v o l t  p a p e r  
C,, C, 0 . 1  m i c r o f a r a d  600 v o l t . p a p e r  
C 5 ,  C g c  C X 0 ,  C14 4 m i c r o f a r a d  250 v o l t  e l e c t r o l y t i c  
C,, C1, 8 m i c r o f a r a d  450 v o l t  e l e c t r o l y t i c  
C 7  0.072 m i c r o f a r a d  600 v o l t  paper  
C 0 . 0 4  m i c r o f a r a d  600 v o l t  p a p e r  
c13 0  .,005 m i c r o f a r a d  600. v o l t  mica 
615  0.5 m i c r o f a r a d  600 v o l t  p a p e r  
. > 
T I  S t a n c o r  I?-6294 
Tz Thordarson T 67 S48 
T, Thordarson T 17 A02 
T, Balance u n i t  , 
. . CBg ~arnmar l a n d :  R F C ~ ~  
F, Genera l  Radio - Righ p a s s .  f  i l t  e r ,  
5000 ohm, 1000 c y c l e ,  t y p e  830 H 
f, 14 ampere f u s e  
SWl S . P . D . T .  Jack- type  s w i t c h  
SW, S . F . S . T .  Toggle s w i t c h  
S ,  110 v o l t  r e c e p t a c l e  
P1 110 v o l t  p l u g  
L 110 v o l t  74 w a t t  s i g n a l  lamp 
VM 0-15 v o l t  a-c. r e c t i f i e r - t y p e  v o l t -  
meter  Weston model 301 o r  
GE-type DO46 
d-c. Output  meter  Tes ton  Model 273 
0-1 m i l l i a m p e r e .  
Langley  Memorial A e r o n a u t i c a l  L a b o r a t o r y ,  
R a t i o n a l  Advisory  Committee f o r  A e r o n a u t i c s ,  
Langley  F i e l d ,  V a .  
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C O I L  CORES 
FIGURE 1. - BLOCK DIAGRAM, 
C O I L  LAMINATION 
,014" SILICON 5TEE.L 
F\GURE 5.- COIL LAM\NATIONS ANb CORES. 
NACA Figs-2,6,7 
Figure 6.- Coil 
winding jig. 
NACA 
pH.-- 
-4.0 86 
0 -8.8 74 
V -14.0 90 
0 -19.0 78 
Aagle of attack, a, ,deg 
Figure 3.- Data obtained with balanca. 
Fig. 4 
Figwe 4,- Bastal%a%ion of gage lanit, 
Figs. 8 
Figure 8.-Gage unit. 
Figure 9.-Balance unit. 
FIGURE I Q ,  - POWkLR - SUPPLY W LR1NG OIA6RAM 
FIGURE\\.- OSCILLATOR W\RINGDIAGRAM. 
Figs. 18. D 
FIGURE \3 .  - C O N T ? O L  - BOX WIRING bIAGRAr\@ 

